Abstract-Scattering characteristic of target in rain is studied in this paper, which calculates scattering matrix of rain area and that of cylinder target in rain, taking the effect from rain into account by substituting rain media for random media with equivalent complex permittivity. SCR (ratio of scattering signal induced by target in rain to clutter from rain) is computed, and the relation between SCR and polarization status of transmitting and receiving antennas is deduced. By optimizing the SCR, optimal polarization status of transmitting and receiving antennas are found. And, the results found in this paper are serviceable for communication system design [2, 4] .
INTRODUCTION
In general, targets exit in random media, such as turbulent air, rain, cloud, snow and dust etc. Therefore, it is important to study the scattering peculiarity of targets in those media [2, 3] . Currently, investigation about electromagnetic scattering of targets and clutter is in time, space and frequency domain. In the mean time, application of polarization information is believed to be promising to detect and identify targets and restrain clutter. Effects induced by raindrop on testing targets are severest in millimeter wave band. The paper studies cylinder target in rain media in polarization field. Matrix of rain area is given too. In order to consider the effect of rain, equivalent complex permittivity of rain area is used when scattering matrix of cylinder target in rain media is computed. Then, the matrix is got combining boundary condition of cylinder target with electromagnetic wave propagation theory. Based on that, relationship between SCR (ratio of signal scattered by cylinder target to clutter from rain) and the parameter of polarization status of transmitting and receiving antennas is deduced. From above work, the polarization parameter corresponding to optimal SCR can be found.
SCATTERING MATRIX OF RAIN AREA
As a linear polarization wave incident on rain area, the scattered field at a distance r from rain area is related to the incident field by
where In Eq. (1), k 0 = 2π/λ is the wave number in free space. The clutter coming from rain is the statistical sum of the echoes from every raindrop confined within the beam, so the elements of Sinclare scattering matrix S 0 of rain area can be written as [1, 6] :
where S vv and S hh are the same polarization components of scattering matrix, S vh and S hv are cross polarization components of scattering matrix which are zero under the assumption raindrop being sphere and multiple scattering being leaved out of account. In Eq. (2) and Eq. (3), a omn and b emn are expansion coefficients of scattered field, ζ is angle between electric field vector and incidence plane, θ is scattering angle, and it is 180 degree if back scattering is considered. D is diameter of raindrop, and D max is maximum value and D min is minimum value. Rain rate is denoted by R and raindrop size distribution spectrum by N (R, D), which is in Weibull distribution here. P m n (cos θ) is associated Legendre function.
SCATTERING MATRIX OF FINITE LENGTH CYLINDER IN RAIN MEDIA
We consider a finite length cylinder in rain media whose axis is along z axis as shown in Fig. 1 , in which the right side of y = −L is rain area. Taking rain area as random media with equivalent complex permittivity ε 1 [5] , the effect of rain on scattering field is considered. When a plane wave incident on rain area as shown in Fig. 1 incident wave on finite length cylinder in rain media is the transmitted wave.
The field scattered by a finite length cylinder in rain media can be deduced based on boundary condition on the surface of cylinder and the large argument expression of Bessel function [7] , which is written as
The cross polarization components can be neglected, because it is much smaller than the polarization components, so
where
where k is wave number in cylinder, θ is scattering angle, ε r is complex relative permittivity of cylinder, and f v,h (i, i) is forward-scattering amplitude function.
SCR OF CYLINDER IN RAIN MEDIA
Stokes vector τ can express polarization status of electromagnetic wave, which can be defined as:
ε and τ are geometry description factors on Poincare polarization sphere. φ is phase difference between E v and E h . We consider transmitting and receiving antennas are the same polarization, so J = J t = J r , and let C 2 = 1 for convenience.
Muller matrix is introduced to describe polarization status of electromagnetic wave with vector J, which can be related to Sinelair matrix by [8] [
where A is a full order matrix [8] . Then, the received power from rain clutter induced by back scattering of rain area and that of signal scattered from cylinder target are denoted as P , P c , respectively,
In Eq. (19), M and M c are Muller matrix of signal scattered by cylinder and rain clutter. Then, the SCR is written as 
CONCLUSION
Assume a cylinder with relative permittivity of 9.6+j4.0, being 35.0 cm long and its radius is 0.42 cm. The scattering matrix and Mueller matrix of the cylinder can be computed from Eq. (8) and Eq. (18), and those of rain area can be calculated using Eq. (2), Eq. (3) and Eq. (18). Then, the SCR is obtained from Eq. (20), under the condition that rain-rate ranges between 4 mm/h and 100 mm/h, and the frequency is in millimeter wave band. Fig. 2 and Fig. 3 show part results of above computation, in which the relation of ε and τ changing with polarization parameter is illuminated. Gopt (the polarization parameter corresponding to optimized SCR) can be found from Eq. (20) combining iterative method and extreme principle. The results indicate that the effect from rain clutter can be restrained by employing circular polarization antenna to obtain optimal SCR, under the condition of small or middle rain rate. However, when rain rate is large, for instance, R = 50 mm/h, Gopt is [1, −0.6844, −0.0144, 0.729] T . Poincare polarization sphere denotes that optimal polarization status of transmitting and receiving antennas are left elliptical polarization.
The conclusion is that, in case of large rain rate, it is necessary to predict gopt at different rain rate. Then, the SCR can be improved by adopting self-adaptive method to maintain optimized polarization status of transmitting and receiving antennas.
The method used in the paper is effective for other targets and for other background clutters, such as fog, snow, dust and so on.
